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SECTION  X 
INTRODUCTION 

Some  designs  require  the  positioning  of  large  numbers  of 
controls  on  panels  to  facilitate  the  efficient  performance  of 
the  man-machine  system.  In  some  cases  the  layout  is  relatively 
unimportant.  However,  it  becomes  important  when  there  are  strin¬ 
gent  working  requirements  such  as  in  aircraft  cockpits  or  when 
complex  industrial  processes  are  being  controlled. 

In  designing  a  new  panel  arrangement,  the  designer  must 
consider  safety,  closeness  of  controls  for  ease  of  use,  separa¬ 
tion  of  controls  for  avoidance  of  mistakes,  and  the  advantage  of 
functional  layout  for  ease  of  operator  understanding.  If  the 
panel  is  intended  for  use  in  a  military  aircraft,  then  there  is 
a  set  of  standards  and  specifications  which  must  be  followed. 

While  some  of  these  specifications  and  standards  are  not  amenable 
to  inclusion  in  a  computer  aided  design  program,  certain  ones 
can  be  included,  such  as  specifications  that  deal  with  sizes, 
distances,  and  minimum  clearances,  as  these  can  be  expressed  in 
the  form  of  an  algorithm. ^ 

The  PANEL  program  has  been  developed  to  aid  a  work  station 
designer  to  design,  select,  and  arrange  a  group  of  controls  and/or 
displays  for  avionics  and  machinery  components.  The  PANEL  program 
is  a  part  of  a  Human  Engineering  Computer  Aided  Design  (HECAD) 
system  of  programs  developed  by  Mr.  Nilss  Aume  of  the  Workload 
and  Ergonomics  Branch  of  the  Air  Force  Aerospace  Medical  Research 
Laboratory.  The  PANEL  program  is  an  independent  program  and  runs 
separately  from  HECAD. 


^The  following  MIL-SPECs  and  MIL-STANDARD  have  been  incorporated 
into  the  program:  MS  25212  (ASG)  "Control  Panel,  Console  Type, 
Aircraft  Equipment,  Basic  Dimensions".  MS  25213  (ASG)  "Control 
Panel,  Aircraft  Equipment,  Typical  Installation"  MIL-C-81774A, 
Amendment  1,  "Control  Panel,  Aircraft,  General  Requirements  For." 
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The  PANEL  program  is  a  two-dimensional  computer  aided  design 
tool.  Using  PANEL,  the  designer  has  the  ability  to  locate  or  relo¬ 
cate  the  controls  on  the  panels.  The  interactive  capability  to¬ 
gether  with  the  plotting  capability  allows  the  designer  to  consider 
a  variety  of  control/display  configurations  in  a  short  period  of  time. 

1.1  THE  PANEL  PROGRAM 

The  PANEL  program  uses  an  IBM  2250-3  Display  Device  for  the 
selection,  location  and/or  relocation  of  avionics  components  and 
is  compatible  with  IBM  3250  terminals.  The  designer  at  the  display 
device  controls  the  course  of  execution  of  the  PANEL  program.  The 
program  is  written  in  FORTRAN  IV  and  uses  the  IBM  Graphic  Subroutine 
Package  (GSP) .  The  PANEL  program  consists  of  the  main  program  and 
eight  subroutines.  A  listing  of  the  main  program  is  included  in 
Appendix  A.  A  brief  description  and  a  listing  of  each  subroutine 
is  also  included. 

Functions  of  the  program  may  be  executed  by  using  the  Alpha¬ 
numeric  Keyboard  (ANKB) ,  the  Light  Pen  (LP) ,  or  the  Programmable 
Function  KEY  (PFK) .  Replies  given  through  the  ANKB  are  displayed 
on  the  CRT  screen  and  are  processed  by  the  program  after  simul- 
.  taneously  depressing  the  ALT-CODING  key  and  "5"  key.^  Replies 
that  require  using  the  light  pen  are  given  by  depressing  the  light 
pen  barrel  aimed  at  the  desired  point  on  the  CRT  screen.  Figure 
1  shows  the  IBM  2250-3  CRT  in  use.  The  CRT  has  a  12-inch  square 
Display  Area,  all  of  which  is  used  in  the  program.  The  program 
is  scaled  in  such  a  way  that  all  panels  and  components  are  gener¬ 
ated  in  full  scale.  The  origin  of  the  coordinate  system  is  in 
the  center  of  the  screen,  so  that  locations  from  -6.0  to  6.0  are 
available,  both  horizontally  and  vertically. 
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In  this  Guide  the  simultaneous  depression  of  the  "ALT-CODING" 
and  "5"  keys  will  be  referred  to  as  the  ALT-CODE/5  sequence.  IBM 
refers  to  this  sequence  as  EOB  (End  of  Block) .  (IBM  System  Refer¬ 
ence  Library,  Program  Numbers  360-LM-537) . 
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Figure  1.  CRT  Unit  (IBM  2250-3)  with  Function  Keys,  Alphanumeric  Keyboard 
and  Light  Pen. 


One  of  the  features  in  GSP  that  should  be  mentioned  is  the 
correlation  value.  It  is  a  value  that  is  assigned  by  the  program¬ 
mer  to  be  used  later  in  the  program  to  identify  one  or  more  ele¬ 
ments,  sequences,  or  buffer  subroutines  within  a  graphic  data  set. 

The  programmer  provides  correlation  values  by  means  of  the  "corr- 
val"  argument.  This  correlation  value  is  used  in  the  PANEL  pro¬ 
gram,  during  the  program  execution,  to  identify  which  elements  of 
the  picture  are  light  penned.  The  element  may  be  text  or  picto¬ 
rial;  or  it  may  be  used  to  either  include  or  omit  an  element  iden¬ 
tified  with  a  unique  correlation  value. 

1.2  FUNCTIONS  AVAILABLE 

The  functions  which  are  available  to  the  designer  are  OUTLINES, 
COMPONENTS,  POSITION,  GRAPHICS,  HARD  COPY,  and  RECORD.  The  OUTLINES 
function  enables  the  designer  to  generate  the  outline  of  the  panel. 
The  COMPONENTS  function  allows  the  designer  to  add  (input)  and/or 
modify  existing  components.  The  POSITION  function  lets  the  designer 
position  or  reposition  components  on  a  panel.  Within  the  GRAPHICS 
function  there  are  five  subfunctions:  NAME,  LETTERS,  LINE,  CIRCLES, 
and  OUTLINES  which  allow  the  designer  to  add  panel  names  and  alpha- 
numerics,  to  draw  lines  and  to  add  or  omit  circles  and  component 
outlines.  The  HARD  COPY  function  supplies  the  designer  with  a  hard 
copy  output  of  the  panel  and  components  currently  displayed  on  the 
CRT  screen.  The  final  function,  RECORD,  supplies  the  designer  with 
punched  and  printed  outputs  of  the  panel  and  component  data.  The 
program  generates  hard  copy  output  as  soon  as  HARD  COPY  is  light 
penned  and  PFK  1  is  depressed.  Printed  and  punched  outputs  are 
generated  at  the  end  of  the  program  run. 

1.3  REQUIREMENTS 

At  the  Wright-Patterson  Air  Force  Base  AFAMRL  Human  Engineer¬ 
ing  Systems  Simulator  facility  the  PANEL  program  runs  on  an  IBM 
370/155  Operating  System  computer  using  a  2250-3  graphic  display 
terminal  with  light  pen,  alphanumber ic  keyboard,  and  an  on-line 
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Gould  4800  plotter.  The  program  requires  250k  bytes  of  computer 
memory.  IBM  System/360  Operating  System  Graphic  Subroutine  Pack¬ 
age  (GSP)  for  FORTRAN  IV  is  used  to  create  displays  on  the  CRT. 
Gould  4800/5000  IBM  System/360/370  Plot  package  is  used  for 
on-line  plotting. 

1.4  LOADING  THE  PANEL  PROGRAM 

The  Job  Control  Cards  to  load  the  PANEL  program  are  shown 
in  Figure  2.  The  program  allows  the  designer  to  supply  the  com¬ 
ponent  data  on  cards  (at  the  end  of  the  execution  deck) .  The 
data  for  each  component  must  be  on  one  card  in  A4  format.  Figure 
3  shows  an  example  of  card  input. 


Col  1-  4 


Component  Number 


5-24 

25-28 

29-32 

33-36 


Component  Name 
Component  Type 
Component  Width 


Component  Height 


A  one  (1)  must  be  punched  in  the  first  column  of  the  very  last 
component  card  to  indicate  to  the  program  it  is  the  last  input 
card. 
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Figure  3.  Example  of  Card  Input.  Note  the  One  (1)  in  the  First 
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SECTION  2 

USING  THE  PANEL  PROGRAM 


Once  the  PANEL  program  is  loaded  it  goes  through  the  ini¬ 
tialization  state.  The  different  variables  are  given  initial 
values  and  the  graphic  texts  are  generated  for  subsequent  use  in 
controlling  the  program  flow.  It  is  not  necessary  to  have  card 
input  with  certain  component  parameters.  The  designer  can  use 
the  CRT  interactively  to  input  all  the  features,  data,  etc.  for 
each  panel. 

A  required  input  at  the  beginning  of  the  execution  of  the 
program  is  the  panel  number.  The  program  displays  the  following. 


PANEL  NO  =  0000 


The  panel  number  is  entered  through  the  ANKB.  In  general,  when 
a  number  in  an  integer  format  is  to  be  entered,  the  program  dis¬ 
plays  four  zeroes  (14  format)  on  the  CRT  screen.  The  number 
must  be  right  justified  in  the  four  digit  field.  Otherwise,  the 
entry  will  be  padded  on  the  right  with  zeroes.  For  example,  if 
the  designer  enters  "1",  it  appears  on  the  CRT  screen  as  "1000", 
and  the  value  for  the  panel  number  is  one  thousand.  If  the  de¬ 
signer  enters  either  "0001"  or  "bbbl"  (b=blank) ,  this  means  "one". 
After  a  desirable  number  is  entered,  the  ALT-CODE/5  sequence  must 
be  depressed.  When  entering  a  real  number  the  decimal  point 
must  be  entered  in  the  desired  decimal  place. 

It  one  foresees  assembling  a  work  station  from  numerous 
panels,  each  would  be  assigned  a  unique  identifying  number  before 
the  actual  panel  design.  Ater  the  panel  is  designed  and  card 
output  is  requested,  this  panel  number  is  one  of  the  data  items 
that  is  punched  on  the  cards.  Then,  at  later  stages,  one  can 
easily  determine  which  panel  a  component  belongs  to. 
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After  the  panel  number  is  entered,  the  program  dis¬ 
plays  the  following. 


CARD  INPUT:  YES 
NO 


The  designer  must  light  pen  YES  if  component  data  are  to  be  read 
in  from  cards.  NO  must  be  light  penned  if  there  is  no  card  input. 

Once  the  initialization  of  the  program  is  completed, 
the  program  comes  to  what  is  called  the  Departure  Point  (DP) .  From 
this  departure  point,  the  designer  can  light  pen  one  of  six  func¬ 
tions  that  he/she  may  wish  to  use  (see  Figure  4) .  These  six  func¬ 
tions  are:  OUTLINES,  COMPONENTS,  POSITION,  GRAPHICS,  HARD  COPY, 
and  RECORD.  Each  function  has  its  own  purpose  and  use,  and  will 
be  described  separately.  The  following  paragraphs  describe  the 
processing  of  each  function. 
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Figure  4.  Program  at  Departure  Point,  Awaiting  for  One  of  Six  Functions  to  be 
Light-Penned. 


2 . 1  OUTLINES 


The  OUTLINES  function  is  used  for  generating  the  shape  or 
the  outline  of  the  panel.  The  designer  may  select  a  standard 
(5.75  inch  width)  or  a  special  panel  by  light  penning  STANDARD 
or  SPECIAL  width.  The  program  displays  the  following. 


WIDTH  STANDARD  SPECIAL 


If  the  designer  selects  a  standard  panel,  then  the  program  dimen¬ 
sions  the  width  of  the  panel  and  the  edges  as  prescribed  in  Mil¬ 
itary  Standards  MS  25212  (ASG)  and  MS  25213  (ASG) .  The  designer 
must  enter  the  desired  height  through  the  ANKB  followed  by  the 
ALT-CODE/5  sequence.  Then,  depress  PFK  0. 

If  the  height  is  not  an  integer  multiple  of  3/8  of  an  inch, 
it  is  increased  to  the  next  larger  multiple.  The  minimum  height 
allowed  is  1.125  inches  and  the  maximum  height  is  9  inches.  If 
the  designer  enters  a  height  value  greater  than  9  inches ,  the  pro¬ 
gram  reduces  it  to  the  maximum  height. 

When  PFK  0  is  depressed,  the  program  displays  the  panel  and 
the  mounting  holes  are  introduced  and  positioned.  A  panel  may  get 
2,  4,  or  6  mounting  holes  depending  on  its  size.  These  mounting 
holes  are  introduced  and  positioned  on  integer  multiples  of  3/8  of 
an  inch  in  the  vertical  direction.  They  are  positioned  horizontally 
on  the  edges  at  the  prescribed  dimensions.  After  the  outline  of 
the  standard  panel  and  the  mounting  holes  are  displayed  on  the  CRT 
screen,  the  program  returns  to  the  Departure  Point  (DP) .  In  sum¬ 
mary,  for  a  standard  panel,  the  designer  only  enters  the  desired 
height  and  the  program  generates  the  panel  with  the  mounting  holes. 
Figure  5  shows  several  examples  of  standard  panel  outlines . 
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Figure  5 .  Examples  of  Standard  Panel  Outlines  with  Mounting 
Holes.  Note  That  the  Panel  May  Get  2,  4,  or  6 
Mounting  Holes  Depending  on  its  Size. 

15 


If  the  designer  selects  the  special  panel,  the  program  will 
request  the  width  of  the  panel,  the  width  of  the  edge,  and  the 
height.  The  designer  must  enter  each  value  through  the  ANKB  fol¬ 
lowed  by  the  ALT-CODE/5  sequence.  For  the  special  panel  there 
are  no  limits  for  the  dimensions  of  the  panel,  but  the  program  will 
display  only  a  12  x  12  inch  area  on  the  CRT  screen.  These  dimen¬ 
sions  of  the  panel  are  recorded  and  are  included  in  the  printed 
and  punched  outputs.  The  panel  is  used  for  mounting  components, 
and  the  edge  is  for  attaching  the  panel  to  the  structure  of  the 
work  station  in  which  the  panel  is  to  be  used.  After  that  the 
program  produces  a  rectangular  outline  sized  according  to  the  in¬ 
put  dimensions  without  mounting  holes.  The  program  returns  to 
the  Departure  Point  (DP) . 

2 . 2  COMPONENTS 

The  COMPONENTS  function  is  used  for  adding  new  components , 
and/or  modifying  existing  components.  When  the  designer  light 
pens  COMPONENTS,  the  number  of  the  existing  components  is  in¬ 
creased  by  one  and  displayed  on  the  CRT  screen  as  follows. 


COMPONENT  NO  =  11 


For  example,  if  n  components  already  exist,  the  program  displays 
n+1  for  the  new  component  number.  To  add  a  new  component  the  de¬ 
signer  must  depress  the  ALT-CODE/5  sequence.  Each  component  that 
is  mounted  on  or  associated  with  a  panel  retains  this  identifying 
number.  After  the  component  number  is  entered,  the  designer 
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must  enter  the  component  name  (up  to  20  characters)  followed  by 
the  ALT-CODE/5  sequence.  The  program  then  displays  a  list  of  14 
component  types  (see  Figure  6) .  The  designer  must  light  pen  one 
of  them.  After  selecting  the  applicable  type,  the  designer  must 
enter  the  width  and  height  of  the  component  in  inches.  Each 
value  must  be  entered  through  the  ANKB  followed  by  the  ALT-CODE/5 
sequence . 

To  modify  an  existing  component  the  designer  must  enter  the 
component  number  through  the  ANKB  followed  by  the  ALT-CODE/5  se¬ 
quence.  This  number  must  be  less  than  the  displayed  n+1 .  The 
program  displays  the  name  of  that  component,  if  no  change  is  de¬ 
sired  the  designer  must  depress  the  ALT-CODE/5  sequence.  The 
list  of  14  component  types  is  displayed  and  the  designer  proceeds 
in  the  same  way  as  for  adding  a  new  component. 

After  the  design  of  a  component  is  complete,  a  dot  repre¬ 
senting  the  component  appears  on  the  CRT  screen  in  the  upper  left 
corner  (see  Figure  5)  and  the  program  returns  to  the  DP. 

2.3  POSITION 

The  POSITION  function  is  used  to  position  or  reposition 
components  on  a  panel.  When  the  designer  light  pens  POSITION 
the  program  displays  DOT  and  NO  (number)  to  identify  which  com¬ 
ponent  is  to  be  positioned  as  follows. 


If  the  designer  light  pens  DOT,  he/she  must  light  pen  one  of  the 
dots  in  the  upper  left  corner  of  the  CRT  screen.  Each  dot  identi¬ 
fies  a  specific  component  which  is  either  read  in  or  designed  through 
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Figure  6.  List  of  the  14  Component  Types  Available  for  the  Designer-  Note  the 
Component  Number  and  Name  at  the  Top. 


the  COMPONENT  function  (dot  1  identifies  component  1,  dot  2  identi¬ 
fies  component  2,  etc.).  If  the  designer  light  pens  NO,  he/she 
must  enter  the  component  number  through  the  ANKB  followed  by  the 
ALT-CODE/5  sequence.  A  circle  will  appear  around  the  identified 
dot.  This  is  the  standard  identification  sequence. 

To  position  or  reposition  the  component  the  program  displays 
TYPE  and  TRACK  as  follows. 


If  TYPE  is  light  penned  the  designer  must  enter  the  coordinates 
of  the  desired  location  of  the  component  through  the  ANKB  follow¬ 
ed  by  the  ALT-CODE/5  sequence  after  each  number.  If  TRACK  is 
light  penned  the  designer  must  use  the  "+"  symbol  (see  Paragraph 
2.7)  to  position  the  component  at  the  desired  location. 

The  X  and  Y  coordinates  of  the  "+"  symbol  are  displayed 
continuously  on  the  CRT  screen  except  while  the  "+"  is  in  the 
run  mode  as  described  in  Paragraph  2.7. 

When  the  desired  location  is  achieved  the  designer  must  de¬ 
press  PFK  14.  The  component's  center  point  and  outline  are  then 
displayed.  This  is  a  temporary  check-out  location.  If  two  or 
more  components  are  on  the  panel,  the  program  calculates  the  dis¬ 
tance  between  their  outlines.  This  distance  is  checked  according 
to  prescribed  MIL-SPEC  distances  and  those  that  are  found  to  be 
too  close  are  marked  with  an  asterisk  as  shown  in  Figure  7 .  The 
component  outline  serves  as  a  visual  check  for  how  the  component 
will  fit  with  respect  to  other  components,  panel  edges,  etc.  The 
designer  can  then  relocate  the  component  or  leave  it  at  the 
selected  location. 
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Figure  7.  An  Asterisk  is  Displayed  to  Indicate  that  the  Two  Components  Outlines  are 
Too  Close  According  to  the  Prescribed  MIL-SPEC  Distances. 


The  designer  can  reposition  the  component  by  light  penning 
MOVE  (see  Figure  8) .  The  "+"  will  be  displayed  on  the  component 
regardless  of  whether  the  current  location  was  achieved  by  TYPE  or 
TRACK.  When  the  designer  is  satisfied  with  the  position  of  the 
component,  he/she  light  pens  FINISHED.  At  this  point,  a  symbolic 
representation  of  the  component  appears  on  the  CRT  screen  (see 
Figure  9)  and  the  program  returns  to  the  DP. 

2.4  GRAPHICS 

The  GRAPHICS  function  is  used  to  enter  panel  names  (not  to 
be  confused  with  component  names) ,  to  add  alphanumerics ,  to  draw 
lines,  to  add  or  omit  circles,  and  to  omit  or  include  component 
outlines.  Upon  light  penning  GRAPHICS,  the  CRT  screen  is  for¬ 
matted  as  shown  in  Figure  10.  The  designer  can  select  one  of  the 
five  subfunctions  displayed  on  the  lower  right  side  of  the  CRT 
screen . 

2.4.1  The  NAME  Subfunction 

If  the  designer  light  pens  the  NAME  subfunction,  a 
cursor  is  displayed  on  the  right  side  of  the  CRT  screen.  The  de¬ 
sired  character  is  entered  through  the  AN KB  followed  by  the  ALT- 
CODE/5  sequence  and  is  positioned  horizontally,  vertically,  or 
diagonally  using  the  "+"  symbol.  This  procedure  is  repeated  un¬ 
til  all  characters  of  the  panel  name  are  entered  and  positioned. 
An  example  is  shown  in  Figure  11.  Later,  if  the  RECORD  function 
(see  Paragraph  2.6)  is  activated,  all  characters  are  printed  and 
are  punched  on  the  panel  card.  The  designer  must  light  pen  COM¬ 
PLETE  to  return  to  GRAPHICS,  or  after  the  20th  character  has  been 
entered  the  program  automatically  returns  to  GRAPHICS  and  dis¬ 
allows  further  entries. 

2.4.2  The  LETTERS  Subfunction 

The  LETTERS  subfunction  is  similar  to  the  NAME  sub¬ 
function  in  that  the  designer  enters  the  alphanumeric  characters 
one  at  a  time  through  the  ANKB  followed  by  the  ALT-CODE/5  se¬ 
quence.  The  letters  are  positioned  as  described  above.  The 
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Figure  8.  The  Designer  May  Light-Pen  FINISHED  or  MOVE.  FINISHED:  To  Indicate  the 
Final  Location  of  the  Component.  MOVE:  To  Reposition  the  Component. 
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Figure  9.  A  Symbolic  Representation  of  the  Component  is  Displayed  After  FINISHED 
Has  Been  Light-Penned. 
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Figure  10.  List  of  Graphics  subfunctions  and  Examples  of  the  Graphic  Representation 
of  Types  of  Components.  The  Two  Bottom  Components  Illustrate  the  Ability 
to  Locate  Components  Outside  the  Panel  Outline. 
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Figure  11.  Example  of  Using  the  NAME  Subfunction. 


difference  is  that  the  program  returns  to  GRAPHICS  after  each 
enter-position  sequence,  and  the  characters  entered  with  the 
LETTERS  subfunction  are  not  punched  when  the  RECORD  function  is 
activated  but  are  printed  with  their  coordinates  indicated.  The 
LETTERS  subfunction  is  most  frequently  used  to  place  letters  or 
numbers  on  or  near  the  individual  components. 

2.4.3  The  LINE  Subfunction 

The  LINE  subfunction  is  used  to  draw  lines  which  may 
be  used  by  themselves  or  to  design  panels  and  components  of  dif¬ 
ferent  shapes  (other  than  the  standard  ones) .  After  light  pen¬ 
ning  LINE,  the  designer  must  define  the  two  endpoints  of  the 
line  using  the  "+"  symbol  and  depressing  PFK  14  after  positioning 
each  point.  When  PFK  14  is  depressed  after  the  positioning  of  the 
second  endpoint,  the  program  draws  a  straight  line  between  the  two 
endpoints,  and  returns  to  GRAPHICS. 

2.4.4  The  CIRCLES  Subfunction 

The  CIRCLES  subfunction  is  used  to  omit  and/or  add 
circles.  If  the  designer  light  pens  CIRCLES,  the  program  dis¬ 
plays  INCL  and  OMIT  as  follows. 


INCL 

OMIT 


If  the  designer  wishes  to  omit  a  circle,  he/she  must  light  pen 
OMIT,  then  light  pen  the  circle  to  be  omitted.  The  program  then  re¬ 
moves  that  circle  from  the  display  and  returns  to  GRAPHICS . 

To  add  a  circle  the  designer  must  light  pen  INCL 
and  enter  the  radius  (a  real  number  with  a  decimal  point)  of  the 
new  circle.  The  program  displays  COMPONENT  and  XHAIR  as  follows. 
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COMPONENT 

XHAIR 


If  the  designer  wishes  to  add  a  circle  that  is  associated  with 
a  component,  he/she  must  light  pen  COMPONENT.  If  the  designer 
light  pens  COMPONENT,  the  program  displays  DOT  and  NO  (number)  as 
follows . 


If  the  designer  light  pens  DOT,  he/she  must  light  pen  the  center 
point  of  the  components  to  which  he/she  wants  the  circle  added. 

If  the  designer  light  pens  NO,  he/she  must  enter  the  component 
number  to  which  he/she  wants  the  circle  added  using  the  ANKB  fol¬ 
lowed  by  the  ALT-CODE/5  sequence.  The  circle  is  added  to  the  com¬ 
ponent  with  the  center  of  the  circle  at  the  center  of  the  component. 
The  program  will  then  return  to  GRAPHICS. 

To  add  an  independent  circle  the  designer  must 
light  pen  XHAIR,  and  position  the  "+"  symbol  where  he/she  wants  the 
center  of  the  circle  to  be.  When  PFK  14  is  depressed,  the  pro¬ 
gram  displays  a  circle  centered  at  that  indicated  point  and  the 
program  returns  to  GRAPHICS.  By  using  the  LINE  or  CIRCLES  sub¬ 
functions,  the  designer  can  create  any  complex  component  shape, 
but  they  cannot  be  moved  about  as  a  single  component. 
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2.2.5  The  OUTLINES  Subfunction 


The  OUTLINES  subfunction  is  used  to  omit  or  include 
the  rectangular  outline  of  a  component.  To  omit  an  outline  of  a 
component  the  designer  must  light  pen  OMIT.  To  restore  an  out¬ 
line  of  a  component  the  designer  must  light  pen  INCL.  In  either 
case,  the  program  displays  DOT  and  NO  on  the  CRT  screen.  The  de¬ 
signer  may  light  pen  either  and  then  proceed  in  the  same  manner 
as  described  in  Paragraph  2.4.4.  The  program  then  returns  to 
GRAPHICS. 

Note  that  the  program  remains  in  the  GRAPHICS  func¬ 
tion  rather  than  returning  to  the  Departure  Point  after  the  use 
of  any  of  the  subfunctions.  The  designer  must  light  pen  COMPLETE 
to  return  the  program  to  the  Departure  Point. 

2 . 5  HARD  COPY 

The  HARD  COPY  function  generates  a  hard  copy  of  the  panel 
and  components  currently  displayed  on  the  CRT  screen.  When  the 
designer  light  pens  HARD  COPY  an  enlarged  picture  appears  on  the 
CRT  screen.  This  is  necessary  because  in  transferring  from  the 
CRT  to  the  Gould  plotter  the  picture  is  reduced  in  size.  When 
PFK  1  is  depressed,  the  plotter  generates  the  image  of  the  picture 
in  full  size.  The  program  then  returns  to  the  DP.  The  HARD  COPY 
function  uses  the  plotting  program  SCOPEDUMP  which  was  originally 
written  for  AFAMRL  by  ENSCO  Inc. ,  Springfield,  VA,  and  is  used  to 
transfer  images  from  an  IBM  2250  CRT  to  a  Gould  plotter.  SCOPE- 
DUMP  is  not  supplied  with  this  guide. 

2 . 6  RECORD 

The  RECORD  function  prints  and  punches  panel  and  component 
data.  The  punched  output  consists  of  a  card  for  the  panel  data 
and  a  card  for  each  component.  These  cards  are  formatted  so  that 
they  can  be  used  in  future  program  runs  so  that  the  designer  need 
not  start  from  scratch.  Figure  12  shows  an  example  of  the  punched 
output.  The  printed  output  contains  panel  data  such  as  size, 
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COMPONENT 

NUMBER 

TYPE  OF 
COMPONENT 

X,  Y 

COORDINATES 

PANEL 

NUMBER 

1 

CIRCULAR  SCALE 

1 

1.0  1.0 

10 

2 

SEMICIRCULAR  SCALE 

2 

1.0  1.0 

10 

3 

LINEAR  SCALE 

3 

1.0  2.0 

10 

4 

COUNTER 

4 

1.0  1.0 

10 

1005 

LIGHTS 

5 

1.0  1.0 

10 

Notice  a  one  (1)  must  be  typed  in  the  first  column  of  the 
last  component. 


Figure  12 .  Example  of  Punched  Output 


number,  and  location  of  the  mounting  holes.  It  also  contains  the 
component  data  and  all  the  graphic  components  such  as  lines ,  letters , 
etc.,  with  their  coordinates.  Figure  13  shows  an  example  of  the 
printed  output.  The  program  then  returns  to  the  DP. 

2.7  USING  THE  CROSS  SYMBOL  (”+")  (TRACK) 

The  cross  symbol  ("+")  is  used  for  locating  or  positioning 
a  point  on  the  CRT  in  a  two-dimensional  coordinate  system.  The 
program  displays  the  cross  symbol  where  it  was  left  during  its 
previous  usage,  or  at  the  center  of  the  CRT  at  the  initialization 
of  the  program.  Positioning  the  "+"  is  achieved  using  the  Program 
Function  Keys  (PFKs) .  The  direction  of  movement  is  indicated  in¬ 
side  the  circles  representing  the  PFKs  in  Figure  14.  By  selecting 
the  proper  directional  PFK,  the  "+"  can  be  moved  up,  down,  left, 
or  right.  If  PFK  4  is  depressed  after  a  directional  PFK,  the  "+" 
will  run  continuously  in  the  direction  indicated.  This  is  called 
the  run  mode.  Once  in  continuous  motion  (run  mode) ,  the  direction 
of  movement  of  the  "+"  can  be  changed  simply  by  depressing  another 
directional  PFK.  The  motion  of  the  "+"  may  be  stopped  by  depress¬ 
ing  PFK  6  or  PFK  8.  Then,  by  depressing  a  desired  directional 
PFK  the  designer  may  move  the  "+"  one  step  at  a  time  (step  mode) . 

When  TRACK  is  selected,  the  increment  value  is  set  equal  to 
0.01  inches.  The  increment  or  step  size  can  be  increased  by  de¬ 
pressing  PFK  9  or  decreased  by  depressing  PFK  15  repeatedly  by  a 
factor  of  ten.  Thus,  by  selecting  the  proper  step  value  one  can 
achieve  rapid  traverse  of  movement,  as  well  as  highly  accurate 
positioning  of  the  "+".  The  increment  change  affects  both  the  run 
and  the  step  mode . 

While  operating  in  the  step  mode ,  the  current  X  and  Y  coordi¬ 
nates  of  the  "+"  as  well  as  the  size  of  the  increment  are  displayed. 
When  control  is  returned  to  the  calling  program,  the  X  and  Y  values 
are  transferred  to  the  calling  program  for  its  use.  These  values 
of  the  coordinates  of  the  "+"  are  maintained  in  the  subroutine 
XHAIR  (see  Appendix  A) .  Upon  the  next  entry  to  the  program,  the 
"+"  starts  at  its  previously  defined  position. 
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Figure  13.  Example  of  Printed  Output. 
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IBM  PART  NO.  5704496 


SINGLE  STEP  SINGLE  STEP  STOP  INCREASE 


LEFT  STOP  RIGHT  STEP  SIZE 


Figure  14.  Defined  Program  Function  Keys  for  Positioning 
the  "+"  Symbol. 


33 


APPENDIX  A 
PANEL  LISTING 


The  PANEL  program  consists  of  a  main  program  and  eight  sub¬ 
routines.  Their  functions  are  briefly  described  in  the  following 
paragraphs . 

Subroutine  XHAIR 

Subroutine  XHAIR  is  used  for  positioning  the  cross  symbol 
("+")  on  the  CRT  screen  in  a  two-dimensional  coordinate  system. 

When  XHAIR  is  first  recalled,  the  "+"  symbol  is  displayed  at  the 
center  of  the  screen  (coordinate  point  (0,0)).  Upon  the  next 
call  to  XHAIR,  the  "+"  symbol  is  displayed  at  the  previously  de¬ 
fined  position.  The  initial  step  size  or  increment  value  of  the 
"+"  symbol  is  set  equal  to  0.01  inches.  It  can  be  increased  or 
decreased  by  a  factor  of  ten  by  using  the  proper  PFK  (see  Para¬ 
graph  2.7).  By  selecting  the  proper  PFK  (see  Paragraph  2.7), 
the  "+"  symbol  can  be  moved  up,  down,  left,  or  right. 

Subroutine  ROUND 

Subroutine  ROUND  is  used  for  generating  circles.  The  pro¬ 
gram  supplies  a  control  number  (positive  integer)  for  each  cir¬ 
cle  generated  which  is  used  to  identify  the  circle  type.  A  zero 
control  number  implies  a  circle  has  been  omitted  or  "erased". 

Circles  that  represent  mounting  holes  for  panels  have  a  control 
number  value  of  2.  Circles  that  are  associated  with  components 
(as  used  in  the  symbolic  representations  of  subroutine  MENU)  have 
a  control  number  equal  to  the  component  number  plus  100.  All 
other  circles  have  a  control  number  equal  to  one. 

A  circle  is  produced  by  using  a  straight  line  segment  approx¬ 
imation.  A  circle  is  made  up  of  a  minimum  of  10  segments.  For  a 
radius  larger  than  0.25  inches,  the  number  of  segments  is  calcu¬ 
lated  by  multiplying  the  radius  time  40,  up  to  a  maximum  of  40 
edges.  The  circles  are  numbered  consecutively  in  the  order  they 
are  generated  and  given  a  correlation  value  equal  to  the  circle 
number  plus  100.  This  is  distinct  for  the  control  number  and  is 
used  for  LP  identification  of  circles. 
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Subroutine  COMPRS 


Subroutine  COMPRS  is  used  to  eliminate  unused  data  from 
arrays  associated  with  circles  to  prevent  overflow.  It  checks 
through  the  control  number  array.  Whenever  it  finds  a  zero,  it 
copies  the  data  from  the  next  storage  location  into  the  current 
location.  It  does  this  for  all  arrays  associated  with  the  circles 
and  for  all  locations  up  to  the  number  of  circles.  At  the  end  of 
this  copying,  the  number  of  circles  is  reduced  by  one.  The  next 
location  is  checked  and  the  process  is  repeated  until  all  control 
numbers  have  been  checked  and  all  unused  (zeroed)  storage  loca¬ 
tions  have  been  filled. 

Subroutine  MENU 

Subroutine  MENU  generates  symbolic  component  shapes  so  that 
a  realistic  looking  panel  can  be  produced  and  serves  as  an  indenti- 
fication  of  the  components  for  the  designer.  To  insure  that  the 
previous  image  of  a  recently  moved  component  does  not  appear,  the 
subroutine  initially  zeroes  out  (erases)  all  lines  and  circles 
that  are  associated  with  the  component  currently  under  considera¬ 
tion.  The  subroutine  scales  the  lines  and  circles  of  each  com¬ 
ponent  according  to  the  supplied  width  and  height.  Note  that  this 
subroutine  computes  the  parameters  for  the  various  lines  and  cir¬ 
cles,  but  they  are  projected  in  subroutine  RESTOR. 

Subroutine  COMPO 

This  subroutine  projects  the  center  point  and  the  rectan¬ 
gular  outline  of  all  components.  It  can  be  selectively  used  with 
either  a  standard  or  an  enlarged  data  set  to  produce  either  a 
life-size  or  enlarged  picture.  The  program  does  the  selecting. 

Subroutine  RESTOR 

Subroutine  RESTOR  produces  and  projects  on  the  CRT  screen 
the  indicated  number  of  letters  (or  alphanumeric  characters) , 
lines,  circles,  and  names.  Similarly  to  subroutine  COMPO,  it  can 
be  selectively  used  with  either  the  standard  or  the  enlarged  data 
set. 
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Subroutine  ADCIR 


Subroutine  ADCIR  is  used  in  conjunction  with  subroutine  MENU 
to  compute  the  parameters  for  circles  associated  with  a  component. 

Subroutine  IDENT 

Subroutine  IDENT  is  used  to  identify  components  the  designer 
chooses.  When  entering  this  subroutine,  the  designer  must  make  a 
choice  to  either  light  pen  the  dot  which  represents  the  component, 
or  type  in  the  identifying  number  of  the  component.  Once  this 
choice  is  made,  the  program  proceeds  to  the  corresponging  section 
of  the  subroutine  where  the  indicated  action  is  carried  out. 
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